Solenoid operated electromagnetic control valve (ECV) using in an external variable displacement swash plate type compressor is widely used for air conditioning control system because of its low energy consumption and high efficient characteristics. ECV controls the entire vehicle air conditioning system by means of a pulse width modulation (PWM) system that supplied from an external controller. Different pressure ports located within ECV has important functions to control the air/refrigerant flow through its internal passages. The flow paths are preciously maintained with acceptable ranges of leakage (gap) between the parts inside it which is followed by effective design and critical dimensioning of its internal features. Therefore, it saves energy losses from the solenoid operation as well as ensures the balance of forces within it. The research paper highlights analysis of the leakages (at different pressure ports) and dimensioning tolerance factors that affects the ECV performance.
Introduction
At present, automotive industries are more careful about producing high efficiency vehicles. Increase in fuel price and adaptation of new technologies refers to demand of high efficiency vehicles [1] .
Air conditioning application is one of the major issues in every vehicle for its passenger comfort and thus it is playing an important role towards high efficiency vehicles. The vehicle air conditioning system has a compressor coupled to a solenoid operated electromagnetic control valve (ECV) [2] . Compressors using for vehicle air conditioning system, consumes a lot of engine power as it is a high efficiency requiring component. ECV that uses in external variable capacity type compressor is a kind of electromechanical device used to control the flow of air/refrigerant by passing an electric current through a coiled wire, thereby altering the valve position [3] . In the automotive field, the solenoid valves are used as actuators and to control fluid pressure. The types of solenoid valves that are used are 'idle speed control valves, shift control valves of automatic transmissions and torque converter locked-up control valves' [4] . In the variable compressor, it senses suction pressure and controls the swash plate angle based on crankcase-suction pressure differential. Operation of control valve is dependent on a difference in pressure [5] .
Moreover, the capacity of the compressor is changed by changing the inclination of the angle of the swash plate which is controlled by the suction pressure in the crank chamber [6] . The inclination angle of swash plate refers to the suction pressure that results the flow rate of air/refrigerant in the 184 refrigerant circuit corresponding to the cooling load [7] . ECV is an electromagnetically actuated control valve that controls a plunger stroke according to the amount of current supplied from the external controller in the solenoid coil. The solenoid valve is driven by PWM input signal from an external source that is free of ripple pressure [8] . forces. Therefore, it is proportional to the total working force, and can be written as, Again, as it is importantly needed to control the air pressure in different pressure ports; internal components would need to be very precise and accurate in design. In some cases, tolerance for 
Experimental procedures
For experimental analysis, an air board tester is used which is being developed for the leakage test and flow test at different pressure port locations. 
Conclusions
Analysis of leakage performance at different pressure ports of ECV using in an external variable displacement swash plate type compressor are of prime concern in this research. Operation of ECV within the compressor is closely related to the vehicle's fuel consumption as well as its efficiency.
In this regard, the design of different components of ECV should meet the standard technical requirements as well as economic production costs as these factors are directly affects the entire performance of an ECV.
